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HIGfl-SPEED INVTf!STIGATION OP LOl¥-DRAG WING INLETS 

By Norman p. Smith 



SUtvIMARY 



Tests of a low-drag vvlng-inlet section, which had 
been developed in a previous low-speed investigation at 
LMAL, v/ere conducted at high speeds in the NACA 3-foot 
high-speed tunnel • Near the design angle of attack, the 
inlet section was found to have minimum profile drag 
comparable to that of a similar low-drag' plain airfoil 
section and to have negligible inlet losses. These results 
corroborate those obtained in the low-speed development 
program. The inlet section was found to have a higher 
critical Mach number than a comparable airfoil section, 
as predicted in the previous low-speed tests of this inlet 
section. A gain in critical Mach n^jimber of about 0,02 
was measured, v/hich is approximately one-half the gain 
indicated by the previous lov;-speed data and the data 
obtained at low Mach numbers in the present investiga- 
tion. No Inordinate changes in section characteristics 
with Mach number were found. In general, the variations 
were quite similar to those variations found for the 
comparable plain airfoil section tested simultaneously. 

Satisfactory section characteristics could be 
obtained only for a small range of angle of attack and 
inlet- velocity ratio, as a result of internal separation 
and external pressure peaks. The maximum lift foiind for 
the inlet section was considerably lower than that found 
for the similar low-drag plain airfoil section. Tests 
of the inlet section with two amounts of camber showed 
that the Introduction of a m.oderate amount of camber 
improves the section characteristics and the useful 
angle-of-attack range. Further development is shown to 
be necessary to produce inlet shapes having satisfactory 
characteristics through the desired ranges of angle of 
attack and air-flow quantity. 

INTRODUCTION 

A program was initiated by the NACA that included 
tests at low speeds in the NACA two-dimensional 
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lov/- turbulence tunnel to develop air-inlet shapes for 
low-drag airfoils and subsequent tests at high speeds 
in the NACA 8-foot high-speed tunnel to determine 
compressibility effects on the characteristics of the 
most -Dromising shapes. A development program in the 
NACA two-dimensional lov/- turbulence tunnel produced 
wing-inlet sections having a minim-'jim section profile 
drag comparable to that of similar low-drag plain airfoil 
sections' (reference 1). The low-speed oressure data also 
indicated that the critical com.pressiblli t:/ speed might 
be higher for an airfoil of a given thickness ratio with 
air flowing into an efficient air-inlet opening than for 
a similar section of the same thiclmess ratio v;ith no 
inlet opening. 

The present investigation was made in the MCA 
8-foot high-speed tunnel with thj?ee models designed 
from one of the best inlet sections (shape 9) presented 
in reference 1. As a part of the general program, 
shape 9 was tested in Its original symmetrical form; 
in order to study the general application of the inlet 
shape to cambered sections, two additional cambered 
models were designed and tested. 

Section characteristics ot the wing-inlet miodels 
were determtined fromi pressure distributions, internal- 
flov7 measurements, and wake -survey measurements. For 
purposes of comparison, the corresponding characteristics 
of a comparable'" low-drag plain airfoil section were 
similarly determined. 



speed of sound in free-stream^ air, feet vef*-. second 



SYMBOLS 



free -stream Mach num.ber 



(VoAo) 



M 



cr 



critical Mach number 



a 



o 



section angle of attack. 



degrees 



P 



o 



free-stream density 



slugs per cubic foot 



free-stream dynamic pressure, poLinds per square 
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AH total-pressure loss from free stream to Internal 

survey rake shovm in figure 1, pounds per square 
foot 

AH'/qQ total-pressure-loss coefficient 

p local static r^ressnre , pounds per square foot 

p free-streain static Dressure, pounds per square 

foot 

/p - p^\ 

P pressure coefficient f | 

\ / 

P critical oressure coefficient, corresponding to a 

^" Mach number of 1,0 at that point 

c wing chord, feet 

d^ section profile drag, pounds per foot of span 

cd section rrofile-drag coofficlent { ) 

d^j^^ Internal drag, pounds per foot of span 



Internal drag coefficient 

int 



A'intN 
V ^io^V 



n section normal force, pounds per foot of span 



Cy^ section normal-force coefficient 



m section pitching mom.ent about quarter-chord . point, 

foot-rounds per foot of span 

^rr^ /I section pi tching-moment coefficient / — —-i 

R Rejmolds number 

free-stream velocity, feet per second 
Vi ' velocity at air inlet, feet per second 
V^/V^ inlet- velocity ratio 

Ax area of air inlet, square feet per foot of span 

A) area of air outlet, square feet per foot of span 

(station number designations follow those used 
in reference 2) 
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X distance along chord from leading edge of airfoil 
(see fig, 1) 

y, 37-^ distance perpendicular to chord for respective 
surfaces (see fig. 1) 

C7 section lift coefficient 



APPARATUS AND TESTS 
Apparatus 



The NACA 8-foot high-speed tunnel, in which this 
investigation was conducted, is a closed-throat, 
circular-section, single-return tunnel with airspeed 
continuously controllable from, about 75 to 6OO miles 
per hour. The turbulence of the airstream is low but 
is somewhat higher than the turbulence of free air. 



Models 

The three models tested were of 2 -foot chord and 
were constructed of wood. The general layout of the 
models and a scale drawing of each section tested are 
presented in fi,^ure 1, The inlet section of each model 
extended over one -fourth of the span and v/as faired, 
in an "end-closure'' length approximately 2.75 times the 
inlet height, into a low-drag "basic airfoil section" 
that made up the rest of the span (figs. 1 and 2). General 
and detail views of one of the wing-inlet models are 
presented in figures 2 and 3, respectively''. It should 
be noted that the basic airfoil section matches the inlet 
section only in mxaxlmum thickness, maximum- thickness 
location, and camber, and is representative of m.any 
sections that might be used in conjunction v^ith the 
particular inlet section. The model ordinates are given 
in percent chord in table I. 

The inlet section of the sjrrrLmetrical wing is 
externally an exact reproduction of shape 9 of refer- 
ence 1 (reduced to 2-foot chord). The inlet height is 
approxi.oiately 52.5 percent of the maximum thickness of 
the section. The basic airfoil section is the NACA 
66(2l8)-Ol8.9 airfoil section (reference 3). 
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For the me diimi- camber wing, shape 9 of reference 1 
was fitted to an NACA 6S,5-Ol8 airfoil section and 
cambered. The procedure was as follows: 

(a) The length of the original inlet section ahead 
of the maximu]:i- thickness station (0,14.5c) was reduced by 
the ratio of 1+0 /i|5 to make the location of maximum 
t?iickness coincide v;ith that of the basic airfoil sec- 
tion (0.[!.Cc). 

(b) The thickness was reduced to that of the basic 
airfoil section by subtracting Q.l^^. percent chord from 
the inlet-section ordinates. 

(c) An arbitrary fairing to the exit was beg'on at 
the 65-percent-chord station of the airfoil. 

(d) The fairness of the resulting inlet section was 
checked by computing the slo^^e of the surface between 
coansecutive ordinates and modifj^ing the ordinates where 
necessary to make the variation of slope along the chord 
smooth. 

(e) The final ordinates were combined with a camber 
line of design cj = O.JO, mean line a 0.6 (refer- 
ence 5)» 

The inlet height is approximately 29.5 percent of the 
maximum thickness of the section. The basic airfoil 
section is the NACA 65,5-318 airfoil section. 

In the high-camber wing, the inlet and the basic 
airfoil sections have the same thickness distribution 
as the syrTurietrical wing but are cambered to Cj - O.5O, 
mean line a = 0.6. 

Th'3 three inlet sections very closely represent a 
family of cambered sections, and the test data can be 
analyzed to establish the general effects of camber on 
the inlet section. The duct for the three models had 
the same ^'thickness distribution^' and was designed to 
give a low value of internal loss. The camber line of 
each inlet section was applied to the duct for that 
model. (See fig. 1.) No simulated internal resistance 
was employed, because resistance serves merely to reduce 
the inlet- velocity ratio that can be obtained with a 
given exit area and does not appreciably affect the 
external conditions over the section or the Internal 
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conditions at the entrance. Removable exit plates were 
modified as shov/n in figure 1 to give the desired exit 
areas and inlet- velocity ratios • Streamline steel 
spacers v/ere Installed both in entrances and exits to 
provide additional strength. During the tests no 
modifications to the sections were made except for 
several small changes in the internal-lip shape, which 
was designed to reduce entrance losses. (See fig. I)..) 



Measurements 

Each inlet section was equipped with surface static- 
pressure orifices to measure external pressure distribu- 
tions and with an internal survey rake to determine 
internal-flow conditions. (See fig. 1.) The basic air- 
foil section of each wing was also provided with surface 
static-pressure orifices at approximately the same 
distance from the tunnel center line. The pressure tubin^ 
passed from the model through a passage In the wing and 
was connected to a multiple-tube mianom.eter in the test 
chamber. 

Section normal-force and pitching-moment coeffi- 
cients were obtained by integration of pressure- 
distribution plots. Total-pressure loss and inlet- 
velocity ratio vvere computed from measurements obtained 
with the internal survey rake. Section profile drag 
was measured by the waka-survey method behind sections 
not influenced' by the surface pressure-distribution 
orifices or the inlet end-closure, 

P'or several tests, wool tufts were installed at 
appropriate points on the syi'nme trical inlet section to 
permit observation of flow conditions. The models v;ere 
tested through the complete angle-of -attack range from 
approximately -Ij.^ to an angle higher than the angle for 
maximum lift at low speeds. The angle-of -attack range 
at higher speeds was reduced because of structural 
limitations of the wing. The inlet-velocity ratio of 
each inlet section was varied from approximiately 0.25 
to 0,85, The tests were run through a range of Mach 
number from 0.20 to approximately 0,70 corresponding 
to a range of Rejmolds number from. 5,000,000. 
to 7,700,000 (fig. 5). 
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RESULTS AND DISCUSSION 
Sxternal-Plovv Conditions 



Pressure distributions > - Pressure distributions are 
shown in ri£jure3 6 to 8 for the inlet section of the three 
wings at = 0^ and Vi/V^ = 0.5 j for coraparison, the 

pressure distributions over the basic airfoil sections 
are also presented^ 

In figures Q to ll; the pressures over the inlet 
sections are shovm to be very sensitive to changes 
in Gq and Vi/Vq, The upper surfaces of the cambered 
inlet sections are less sensitive than the sj^netrical 
inlet section, because the introduction of camber 
results in a favorable increase in curvature of the 
upper lip. The decrease in curvature of the lower lip 
results in a pressure peak on this surface at the design 
angle of attack. External-flow conditions improve with 
Increase in inlet- velocity ratio. 

The results show that only a small range of angle 
of attack and inlet- velocity ratio exists wherein a 
favorable pressure distribution can be maintained over 
the inlet sections. I^hen well established, the pres- 
sure peaks produced outside this small range will 
result in preclusion of laminar flow on one surface and 
in reduction of critical speed. 

Critical rJach number .- Critical Mach nimiber M^^ 
is defined as the free-stream Mach number at which a 
local Mach nuinber of 1.0 is attained at some point on 
the section. Figure I5 shows the variation of peak 
pressures with Mach niimber for the s^/mmetrical wing at 
various angles of attack. It is apparent that the 
variations for the inlet section do not follow the 
normally assumed variation. Prediction of critical 
speeds by the usual methods from low-speed data of 
this kind would be greatly in error, because of the 
high peak pressures involved. Previous experience 
indicates that a very steep pressure gradient can 
cause the formation of a local separation bubble which 
effectlvel;/ changes the shape of the body and lowers 
the pressure peak as Mq Is increased, 'a separation 
bubble of this kind is evidently produced on the upper 
lip of the synmetrical inlet section at moderate angles 
of attack. Because the bi:ibble is quite small, no large 
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Increase in c^rag results • At the higher angles of attack, 
hoY^ever, serious seraration takes place over the lip-s. 

Figures 16 and I7 show the critical speeds at various 
ans:les of attack and inlet- velocity ratios for the inlet 
and basic airfoil sections of the symmetrical v/ing. The 
critical speed of the inlet section is slightly higher 
than that of the basic airfoil section near the design 
angle of attack because of the effective reduction in 
thickness caused by the passage of air through the sec- 
tion. Gains in critical Mach numbers of approximately 
0.02 over those obtained for the basic airfoil sections 
were found for the syi-nmetrical inlet section.. These 
gains are so-newhat less than the values of O.055 
to O.OIlO obtained from extrapolating the results of the 
low-speed tests of reference 1 and the . low-speed data 
from the present investigation. -/Vhen the angle of attack 
is reached beyond which the critical speed is governed 
by the nressure peaks on the inlet lips, the critical 
speed of the inlet section is reduced below that of the 
basic airfoil section. The extent of the angle-of-attack 
range for high critical speed is a firac;:ion of inlet- ■ 
velocitjT- ratio. 

A similar gain in critical ^^lach number was found 
for the medium -camber inlet section. A comparison of 
figures I8 and I9 with figures 16 and 17 indicates that 
a moderate am.ount of camber i.mproves the critical-speed 
characteristics in the range beyond the design angle of 
attack without aonreclably affecting conditions at the 
design angle. Figures 20' and 21 show, however, that a 
large amount of camber changes the shane of the' lower 
inlet lip to such an extent that the critical speed near 
the design angle of attack is seriously reduced. 



Internal -Flow Conditions 

The variation of Vi/V^' with angle of attack for 
the three Inlet sections with various exit areas are 
shovm in figures 22 to 2li. The inlet-velocity ratio, 
in m.ost cases, decreased slightly as the angle of attack 
was changed from the design angle of attack, mainly 
because of internal-flow separation at the entrance. 

Total-pressure-loss-coefficient data for the. inlet 
section of the symnetrical wing is presented in figure 25 
as a fuinction of\angle of attack. The angle-of-attack 
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range for low total-oressure loss was small, particularly 
for high inlet- velocitv ratios. Tuft tests showed that 
separation occurred on the inside of the inlet lower lip 
at ao = 2^^, ^lA'o 0.55; this separation led to an 
immediate sharp rise in AH/q^ as the angle of attack 

v/as. increased further. Because of increased entrance 
losses, AH/q^ rises with increase in inlet- velocity- 
ratio. Similar internal-flow characteristics v/ere found 
for the two cambered inlet sections (figs. 26 and 27). 

Changes in inlet- velocity ratio and total-pressure- 
loss coefficient with IJach nujnber v\^ere small. The angle 
of attack at which internal separation began did not 
change appreciably with Mach number, 

A tuft test was made to investigate the flow in the 
vicinity of the inlet end-closure of the 3;\mime trical wing. 
The test showed that, as the angle of attack was 
inci^eased, both internal and external separation occurred 
first in the end-closure section of the inlet. Further 
developmxont of inlet end-closure shapes is shown to be 
necessary. 



Section Characteristics 

Prof il e drag .- n:e results of the profile -drag 
measurements for the three v;ings are given in figures 23 
to 50. The values of the profile-drag coefficients 
presented for the inlet sections include both internal 
and external drag, and the internal drag for each con- 
figuration is also shown. Inasmuch as the change in 
internal drag with Mach mmiber was small, data for 
only one Mach number are presented. 

The minimum values of c.^ for the inlet and the 

^0 

basic airfoil sections of the S;/i-:m?.e trlcal wing are 
approximately equal at medium inlet- velocity ratios. 
At the highest Vi/V^ tested, no low-drag range exists 
(fig. 28(e)). Because the internal drag for this condi- 
tion is very low, the high drag is believed due primarily 
to the flared exit that was required to produce this high 
inlet- velocity ratio. (See exit details, fig. 1.) Inas- 
much as flaps are usually used in connection with trailing- 
edge air exits to obtain high flow rates, high drag for 
this condition is usually encomitered. Some reduction 
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in this drag may be obtainsd through Improvements in' 
design. At the lowest test value of V^/Vq no low- 
drag, range exists (fig. 23(a)). Because of the high 
local angle of attack of both inlet lips, pressure 
peaks occur and preclude the existence of laminar flow 
over both external surfaces. The drag coefficient at 

- 1^ is less than at ao = 0^ because the pressure 
peak on the lower surface has disappeared and some 
iam.inar flow exists on that surface. 

The low-drag range is smaller for the inlet section 
than for the basic airfoil section. The extent of the 
low-drag range decreases as V^/Vq decreases because 
external-flow conditioris become more critical at low 
values of V]_/Vq . The drag of the inlet section beyond 
the lov7-drag range (above approximately i^.^ ) increases 
at a m.uch greater rate v/ith angle of -, attack at low 
inlet- velocity ratios than does the drag of the basic 
airfoil section.. Examination of the internal-drag data 
shov/s that this steeper slope is due principally to 
unfavorable external-flow conditions. 

The medium- camber wing shows tho sam.e general drag 
characteristics found for the symmietrical wing, except 
that the low-drag range is som.ovirhat greater and the 
center of the range is shifted in the positive angle -of - 
attack direction. The shape of the upper lip has been 
improved bv cambering and tbe lower lip has 'been impaired 
only slightly. - . 

For the high-camber wing, the minimum nrofile-drag 
coefficient of the inlet section at aM values of V'i/Yq 
is higher than that of the bdSic airfoil section. The 
drag rise is rapid- at angles of attack below the angle for 
minimum^ drag, largely because of separation over the 
lower lip of the inlet. At positive angles of attack, 
3eparation over the upper surface causes a rapid rise 
in drag. From observations of the v^ake profile and 
pressure distributions, this separation was found to 
occur back of the m;aximum- thickness station. The 
nrofile drag could not be accurately measured because 
of the extreme width and rapid fluctuations of the v/ing 
wake. At high Mach n^:ir.bers, the separation became 
severe over- both the inlet and the basic airfoil sec- 
tions at all. a:nglGS of attack. The camber for Oi - O.5O, 
used with a thickness ratio of 13-.9 percent^ apparently 
results in sections with serious flow-separation tendencies. 
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The minimum val^ies of c^^^ and the width of the 

low-drag range for the basic airfoil sections of the 
three wings tested are in agreement with values obtained 
from tv/o-dimensional tests of similar sections (refer- 
ence 3 ) • 

Pitching moment ,- The variations of section 
p i t Chi ng -m ome n t c oe f f i c i e n t with Mach number are of the 
same order for the inlet and the basic airfoil sections 
of the symmetrical wing (fig* 31 )• At the low inlet- 
velocity^ ratio a larger variation of pitching moment 
with angle of attack occurs, because of alteration of 
the chordwise lift loading by pressure peaks on the inlet 
lips. 

The same general trends are indicated for the 
medium.- and high-camber wings (figs. 52 and 35). Larger 
changes in pi tching-moment coefficient with angle of 
attack and Mach number took place with the high-camber 

wing, probably because of the separation effects pre- 
viously noted. 

Although not conclusive, these tests indicate that 
the addition of a properly designed air inlet to a low- 
drag airfoil section nesd not appreciably change the 
pitching-mom.ent characteristics of the original section. 

Lift.- Section normal-force coefficients are 
presented instead of section lift coefficients. Analysis 
shows that the two are approximately equal; the differ- 
ence is less than 5 percent at maximum lift. 

Ngrmal-force-coeff icient curves for the inlet and 
the basic airfoil sections of the symmetrical wing are 
shown in figure 3^. A considerable deficiency in 
m.aximimi lift for the inlet section is evident. Maximim 
lift increases with increase in inlet-velocity ratio 
because of the improvem.ent of external-f lov; conditions. 
Tuft tests indicated that early separation over the 
upper inlet lip is responsible for the low value of 
maximum lift. 

The inlet section of the medium-camber wing, when 
compared with the basic airfoil section (fig. 35)^ shows 
only a small loss in majcimum lift because the inlet 
upper lip has been improved by cambering. Both the 
inlet and the basic airfoil sections of the high-camber 
wing show a decrease in lift-cui've slope at angles of 
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attack greater than approximately 14.^ as a result of 
separation over the rear. portion of the section (fig. 56). 
The angle of maximum lift v/as not reached in the tests of 
this wing. 

The angle of zero lift for the two cambered inlet 
sections shifts som.ewhat with inlet- velocity ratio 
(figs. 35 and 56). This effect is due largely to changes 
in exit fairing. The symmetrical inlet section exhibits 
very little shift in angle of zero lift because accurately 
symmetrical exit fairings are easily produced, 

Th^ variations of normal-force coefficient with Mach 
number are of the same order for the inlet section and 
the corresponding basic airfoil section of each v/ing 
(figs. 57 to 59). Data for only one inlet-velocity 
ratio are presented because the effect of inlet- velocity 
ratio was very small for moderate values of lift. 



Modifications 

Two internal inlet-lip modifications, which were 
designed to improve entrance conditions, were tested on 
the inlet section of the symmetrical wing. Modifica- 
tion A was an arbitrary fairing involving no change in 
lip radius; modification B was the same as modifica- 
tion A with a 50-percent increase in lip radius (fig. Ii-)* 

The results show (fig. I4-O) that an addition to the 
lower lip cf a sim.ple fairing such as modification A 
increases the angle-of -attack range for low total- 
pressure loss in the inlet from Ij-O to 8^. Tuft tests 
showed that the fairing increased the angle-of -attack 
range by delaying internal-flow separation off the inlet 
lower lip. The results obtained with modification B show * 
little improvement over results obtained v;ith the original 
inlet. The larger lip radius apparently nullifies the 
effect of the fairing and produces. In- addition, an 
unfavorable effect on the external flow. 



Design Considerations 

The angle-of-attack range through which low inlet 
losses and low section drag are desired is approxi- 
mately 7^, or from high-speed attitude to clim.b attitude. 
The data indicate that the original inlet shape (shape 9 
of reference 1) does not have the desired range. 
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Tests of the Inlet section of the symmetrical wing 
v/ith niociif Ications A and B Indicate that the angle-of- 
attack range for low inlet losses can "be easily increased 
to a satisfactory extent. No tests of •externai modifica- 
tions, as such, were- included in the present investiga- 
tion.. Tests of the cambered wings Indicate, howex^er,. 
that increasing the curvature of the inlet upper lip ' 
results in an improvement over the origin^al section ♦ • 
Unpublished data from wind-tunnel program^s in which- 
wing inlets were developed for specif iq airplanes 
corroborate this finding and show that an appreciable 
gain in maximum lift can be realized by improving the ■ 
flow over the inlst upper lip. These development programs 
indicate, also that judicious use of lip stagger , beyond the 
amount produced by camber can improve both internal-flow 
conditions and maxim-am lift. 

The tests indicate that cambering a symm.etrical 
'inlet section by normal methods (reference 3) is 
unsatisfactory in the vicinity of the inlet lipq. 
The inlet lower lip, because of decreased curvature 
due to camber, produced an adverse pressure distribution 
at the. design angle of attack on the medium-and high- 
c amber wings . • . . 

. A m.ethod for fitting an inlet section to a .given 
a-lrfoll section has been described under the design of 
the medium- camber wing. The characteristics of the 
inlet section produced by this method depend, of course, 
upon the characteristics of the inlet section .from' which 
this section is designed. In addition, the procedure 
merely utilizes normal cambering methods and doas not 
give needed special consideration to the inlet lips.. 
The medium-camber inlet, therefore, evince-s .the 5ame 
limitations found for the original inlet section except 
for the slight improvem.ent due- to camber. as a general 
method of application, the procedure is indicated by the 
tes,ts to. be satisfactory from, considerations of pressure 
distribution, drag, and critical s'peed hear the design 
angle of attack, . ' 

Further development Is apparently needed to produce 
useful efficient inlet shapes. Satisfactory section 
characteristics must be available for sufficiently wide 
ranges of inlet- velocity ratio and angle of attack. 
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CONCLIJSIOFS 



1. Tests at high speed of three vinng-inlet raodels 
designed from- one of the best wing-inlet sections 
developed in a previous investigation at low speeds 
showed that the inlet section has minimum section drag 
comparable with that of a similar low-drag plain airfoil 
section and has negligible inlet losses near the design 
angle of attacK. A properly designed air inlet can be 
installed in a low-drag wing at virtually no cost in 
external drag. 

2, Critical Mach numbers approxim_ately 0.02 
higher than those of the basic airfoil sections were 
foimd for the s^/mmetrical and medium- camber inlets. 
These valines are approximately one-half the gains 
indicated by extrapolation of low-speed data from the 
previous development program, or from, the present investi- 
gation, 

5, The inlet section is quite sensitive to changes 
in angle of attack. Adverse effects are produced on the 
inlet lips that result in small angle-of-attack ranges 
for low drag, high critical speed, and low entrance 
losses. A considerable deficiency In maximum lift, as 
compared to the maximum lift of the basic airfoil sec- 
tion, results from unfavorable flow conditions over the 
inlet upper lip for the symmetrical and low-camber inlet 
sections. 

Introduction of a m.oderate amount of camber 
improves most of the section characteristics and the 
useful angle-of-attack range. The improvement is due 
primarily to the Increased curvature of the upper lip, 
which reduces or delays the adverse effects incurred 
b7 tl-e original shape'. The decreased curvature 
of the lower lip, however, produces adverse effects, 
■indicating that special methods must be devised for 
cambering inlet sections. 

5. The variations in inlet section characteristics 

due to com^pressibility were, in general, quite similar 

to the variations found for the comparable plain airfoil 
section. 



6. The m.ethod devised for fitting an inlet section 
to a basic airfoil section (used in the design of the 
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medium-camber wing) is shown by the data to be satis- 
factory, as compared v;ith the original symmetrical 
section, with regard to pressure distribution^ critical 
speed, and drag, 

7. Further development is apparently needed to 
produce efficient inlet shapes from which satisfactory 
wing inlets for any desired ranges of inlet-velocity 
ratio and angle of attack can be designed and adapted 
to a wing section having any design camber. 
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TABLE I.- MODEL ORDINATES 
Ordinate a in percent chord 



t Symmetrical wing 


Medium- camber wing 


Basic airfoil 
section 


Bilet ••etion 


Basic airfoil section 


Inlet section 


Upper and lower 
surfaces 


Upper and lower 
surface ■ 


Upper surface 


Lower surface 


Upper surface 




Lower surface 


X 


7 


X 


7 


yd 


X 


7 


z 


7 


X 


7 


X 


yd 


X 


7 


X 


yd 


0 

.5 
.75 
1.25 
2.50 
5.00 
7.50 
10 

15 
20 
25 
30 

To 

45 
50 

11 

70 

Po 
85 
90 
95 
100 


0 

1.S08 
1.8l2 
2.283 
3.079 
4.175 
5.037 
5.750 
6.858 

8!i25 
9.162 

9.367 
9.433 
9.367 
9.142 
8.717 
7.996 
6.979 

4.504 
3.175 
1.875 
.704 

0 


0 

.5 
.75 

1.25 
2.50 
5.00 
7.50 
10 

15 

20 
25 
30 

11 

50 

11 
65 

11 
85 
90 
95 
100 


3.343 
3.855 

^:228 
4.745 
5.532 
6.137 
6.652 

8.965 
9.224 
9.379 

m 

9.240 
8.966 
8.510 

5.816 
4.679 
3.522 
2.387 
1.314 


5.095 
A 

Straight 
line 

5.208 
5.208 
5.208 
5.208 
5.208 
5.208 
5.208 
4.585 
5.583 
5.042 
5.042 

1.925 


0 

.283 
.508 

.979 
2.187 

4.642 
7.121 

l^!629 
19.662 
24.704 

lun 

59.892 
44.962 
50.057 

60.208 
65.271 
70.275 
75.246 
§0.196 
35.157 
90.075 
95.025 
100 


0 


0 

.717 
.992 
1.S21 
2.9l2 
5.358 

16.387 
15.371 
20.542 
25.296 
30.257 

Jo.'iol 

45.057 

69.729 
74.758 

89.925 
94.975 

100 


0 

1.208 
1.446 
1.77? 
2.546 

I'Ml 

4.579 
5.208 
5.825 
6.279 
6.596 

6.821 

6.794 
6.585 
5.879 

5.829 
5.058 
2.275 
1.504 

0 


-0.567 
-.058 
.208 
.725 
1.996 
4.508 
7.025 

l^!587 

im 

59.892 
44.962 
50.057 

55-11^ 
60.208 

65.271 
70.275 
75.254 
80.217 

35.179 
90.157 
95.100 
100.079 


2.846 

a?? 

4.025 

5.862 
6.729 

m 

9.504 
10.204 
10.696 
11.017 
11.158 
11.12s 
10.804 
10.208 
9.379 
8.325 
7.171 
6.000 

2.921 
2.162 
1.717 






0.567 
1.058 
1.292 
1.771 
5.004 
5.492 

101^5^ 
15.412 
20.562 
25.5,04 
50.246 
55.179 
40.108 

45.057 

mil 

89.862 
94.896 
99.925 


2.846 






1.404 

lo7i7 
2.196 

IM 

7.904 
9.029 
9.900 
10.537 
10.954 
11.158 
11.125 
10.80L 
10.208 
9.579 
8.525 
7.129 
5.837 
4.492 
5.137 

1.850 
.737 

0 


0.067 

:li 

2.179 
4.725 

7.2S0 

I^.'W 

19.821 

24.846 
29.875 
54.904 
39.937 
44.979 
50.021 

55.075 
60.142 
65.185 
70.185 

80.14.6 
85.137 


2.757 
2.800 
2.892 
3.142 
3.554 
3.942 
4.300 

4.946 
5.500 
6.029 
6.500 
6.957 
7.279 
7.412 
7.412 
7.367 


5.287 

5. 608 
4.004 
4.612 
5.046 
5.585 

U\l 

m 

6.821 

6.704 

6.585 
5.979 

Ull 

5.871 
5.225 
2.675 

2.208 
1.871 
1.671 
1.717 


0.955 
1.154 
1.617 
2.821 
5.275 
7.750 
10.253 
15.204 
20.179 

25.154 

50.125 

55.056 

40.062 

45.021 
49.979 

69.817 

74.829 


2.546 
2.525 

2.408 

2-504 
2.258 
2.242 
2.246 
2.292 

2.762 
2.957 
2.987 
2.987 
3.035 
2.879 
2.4112 
2.067 
I.70S 
1.437 
1.521 


100.071 


1.671 


99.929 


1.671 


L.B, radius 
= 2.417 


Pairing point 
X = 0.408, y = 5.067 

L.E. radius center 
X = 0.250, y = 3.342 

L.B. radiua » O.25O 


L.B. radlu* = I.92I 


Pairing point 
X = -0.087, 7 = 2.671 

L.E. radius center 
X » -0.296, y = 2.904 

L.B. radlua = O.250 


Fairing point 
X = 0.821, y = 2.554 
L.B. radius center 
X = 0.800, y = 2.792 

L.B. radius : O.25O 
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wing 










Basic airfoil section 


Inlet section 


Upper sxirface 


Lower 


surface 


Upper svirface 


Lower surface 


X 


y 


X 


1 
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yd 


X 


y 


^d 


0 

.100 

.504 
.71+2 
1.917 

U.554 

6.829 
1^'tl 

29.592 

S'.955 
50.067 

^ ^ 1 . T 0 
OO.I4.I2 

65.558 

7O.5S3 

85.508 

90-179 
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100 


0 

1.617 
1.779 
2.571 
3.655 

6. ^96 

7. U25 
9.075 

10.51+6 
11.3I+2 
12.100 
12 . 6ii2 

12.965 

15.117 
15.0SO 
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11.112 
9.708 
8.085 
6.529 
U.5I7 

2.746 
1.112 

0 


0 

.900 
1.196 
1.758 
3.085 

5-646 
6.175 
10.679 
15.646 
20.565 
25.504 
50.417 
55.504 
40.192 
45.067 

49.955 
54.787 

69.417 
74.475 

Si 672 
89.821 

94.957 
100 


0 

1.292 
1.529 
1.879 
2.417 
5.085 
5.587 
5.992 
4.565 
5.00k 
5.50S 
5.553 
5.675 
5.750 
5.750 
5.665 
5 . 529 

a. 857 

1^.200 

5.1j:50 

• • 

1.800 

.957 
.287 

0 


-1.021 
-.512 
-.229 
.506 
1.600 

4.146 
6.679 

l2.*2gl 

29.565 
54. 692 
59.808 

4i.955 
50.067 

55.217 
60.425 
64.471 

F4 

60.568 
85.454 
90.555 
95.212 
100,096 


4.065 
4.471 

5.267 
6.506 
7.487 
6.521 

9.679 
10.746 
11.592 
12.242 
12.704 
12.996 
15.117 

^5-075 
12.846 
12.400 
11.625 
10.555 
9.167 
7.657 
6.017 

4.385 
5.000 

1-979 


5.042 
5.125 
5.250 
5.667 

H-?92 
4.855 
5.292 
6.065 
6.750 

7.417 
6.000 

8.458 

8.675 
8.917 
8.655 
8.625 

8.555 
7.833 
6.835 
5.555 
4.292 

5.855 
1.925 


1.021 
1.512 

1.729 
2.192 

8.521 
10.783 
15.704 
20.617 
25.521 

50.417 
55.506 

40.192 
45.067 
49.933 
54.765 

69.546 
74.554 

S:5p 

89.667 
94.787 
99.904 


5.167 

3.535 
5.625 

5.779 
4.050 

4.425 

^•l79 

4.867 
5-187 
5.404 
5.558 
5.675 
5.757 
5.762 
5.750 
5.708 
5.629 
5.517 
5.350 
5-025 
4.555 
3.946 
3.300 
2.625 
2.175 
1.979 


2.833 
2.750 
2.625 

2.417 
2.167 

1.917 
1.7^0 

1.375 
1.535 

1.535 
1.575 

1.456 

1.542 

1.667 

2.000 

2.375 
2.292 

1.585 
1.625 
2.042 

1.925 










Pairing point 
X = -0.717, y = 5.000 


Pairing point 

X = 1.257, y = 2.896 




L.E. radius = I.808 




L.E. radius center 

X = -0.771, y = 5.257 


L.E. radius center 
X = 1.292, y = 5.125 










L.E. radius = O.250 


L.E. radius = O.25O 
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Fig. 3a, b 




(b) Air outlet. 
Figure 5.- Details of inlet section of symmetrical wing. 
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Figure 4.~ Internal-Zip modifications on the inlet 
sect Ion of the si/mmefriccil wing. 
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Figure 9.- Pressure distributions over forward portion, 
of Byuimetrlcal wing for various angles of attack. 
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Figure 11.- Pressure distributions over forward portion 
of high-camber wing for various angles of attack. 
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Figure 12.- Pressure distributions over forward portion of Inlet section of symiDetrioal 
wing for various Inlet-veloclty ratios. » 0.20, 
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(b) Basic airfoil section. 
Figure 1^^.- Concluded. 
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Figure 16.- Variation of critical Mach number with 
angle of attack for syminetrical wing. 
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Figure 17. - Variation of critical Mach number with 
Inlet-velocity ratio for inlet section of 
symmetrical wing. 
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Figure 18.- Variation of critical Mach number with 
angle of attack for medium-camber wing. 
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Figure 19.- Variation of critical Mach number with 
Inlot-veloclty ratio for inlet section of 
medium-camber wing. 
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Figure 20.- Variation of orltical Mach number witn 
angle of attack for high-cainber wing. 
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Figure 21.- Variation of critical liaoh muober with 
Inlet-veloolty ratio for Inlet section of 
hlgh-oamber wing. 



Figs- 22,23 



NACA ACR No. L4I18 































■ 1 












1 




















[ 


















( 














































^ 





T 


1 


1 ^ 


1 


I- . 
















; 


( 


c 


7 




7 ( 




j 




' ( 


1 






3 




i 


r — ^ 




' ( 










] 








' J 


< — > 


: > 


► "> 


* 


r ; 


< . > 


f 






'0 














1 — 

h 


= — ^ 


— 


1 — ' 


t^-^ 






f 2 


T— 




f- 
























.z 


4- 

































Figure 22.- Variation of inlet-velocity ratio witji 
angle of attack for various exit areas for inlet 
flection of flynune trical wing. M = 0.20, 
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Figure 23.- Variation of inlet-velocity ratio with 
angle of attack for various exit areas for inlet 
section of medium-camber wing. M = 0.20. 
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Figs. 24,25 
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Figure 24.- Variation of inlet-velocity ratio with 
angle of attack for various exit areas for Jnlet 
section of higli-camber wing. M = 0.20. 
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Figure 25.- Variation of internal loss with angle of attack 
for various inlet-velocity ratios for inlet section of 
symmetrical wiag. 
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Figure 27,- Variatlor; of internal loss with angle of attack 
for various inlet-velocity ratios for inlet section of 
high-cainber wing. 



NACA ACR No. L4I18 



Fig. 28a. 























( 












































































t 


>^ 


































M 




n 




,/J 






) 




1 


i 


) ^ 


> € 


^ — ( 




, — ( 





-2 



O 2 

(a) Inlet section, V^^/V^ 
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(b) Inlet section, Vj^^^ = 0.33. 

Figure 28.- Variation of profile drag with angle of attack 

for Byimnetrloal wing. 
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(c) Inlet b«ctlon, V^/V^ = 0.A3. 
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Figure 28.- Continued. 



NACA ACR No. L4I18 



Fig. zee. 



,03 



.oz 



c. 



,0/ 



O 




,03 



.OZ 



.0/ 



0 



-4-2 O 2 ^ 

(e) Inlet section, Vi/Vq = 0.85. 
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(f) Basic airfoil section. 
Figure 28.- Concluded, 



Fig. 29a, b 
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(a) Inlet section, Vj^/Vq - 0.26. 
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(b) Inlejt section, Vj^/Vg = 0.28. 
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Figure 29.- Variation of profile drag with angle of attack 
for medium-oamber wing. 
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Fig. 29c, d 
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(d) Inlet section, Vj^/T^ . 0,53, 
rigure 29.- Continued, 



Fig. 29e,f 
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Figure 29.- Concluded. 
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Fig. 30a 
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(a) Inlet section, V-j^/V^ = 0.33. 
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(b) Inlet section, Vj^/V^ = 0.45. 

Figure 30.- Variation of profile drag with angle of attack 

for high-camber wing. 
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(d) Inlet flection, V^^y^^ = 0.80. 
Figure 30.- Continued. 
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(e) Basic airfoil eection. 
Figure 30.- Concluded. 
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Figure 31,- Variation of section 
pitching-aoment coefficients 
with Mach number for symmetrical 
wing. 
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Figure 32.- Variation of section 
pitching-noment coefficients 
With Mach number for medium- 
camber wing. 
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Figure 33,- Variation of eeotlon 
pltchlng-Qomexit coefflolenta 
with Uach number for high- 
camber wing. 
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(b) Basio airfoil section. 



Figure 37.- Variation of section normal-force coefficients with Uaoh number 

for Bymmetrical wing. 
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Fi^ire 36«- Variation of section nomal-foroe coefficients with Ma oh nunber 

for nediuB-^oaaber wing. 
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(a) Inlet section, - 0.53. 
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Figure 39.- Variation of section aormal-f orce coefficients with Maoh nuaber 

for hlgh-Ksamber wing* 
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Figure 40.- Effeota of several intemal-llp fairings on Internal 
losses for Inlet section of Bymmetrloal wing. Vj^/V^ - 0,53, 



